Pericampylus glaucus is a common plant used traditionally for the remedies of urinary and kidney stones. Hence, present research was aimed to investigate the antiurolithiatic effect of ethanol extract of P. glaucus against ethylene glycol induced urolithiasis in male Sprague Dawley rats. The nephrolithiasis was induced by ethylene glycol (0.75% v/v) in drinking water over a period of 30 days. The animals were divided into normal, lithiatic and extract treated group that received ethanolic extract of P. glaucus at dose rate of 200 and 400 mg/kg (b.wt) by mouth. The calcium, phosphate, urine pH, oxalate, magnesium in urine and histopathalogical examination of the kidney were observed. A significant (p<0.01) increased in the levels of phosphate, calcium, oxalate, and an imbalance in kidney with decreased magnesium excretion in urine were observed in ethylene glycol induced urolithiasis as compared to normal control. Treatment with ethanolic extract of P. glaucus at dose of 200 and 400 mg/kg (b.wt) decreased significantly (p<0.01) the hyperoxaluria, calcium, phosphate, oxalate with significant (p<0.05) increased retention of urinary magnesium and improvement in the renal function as matched to lithiatic group. The histopathological examination showed the deposition of a large number of calcium oxalate crystal in lithiatic group while smaller depositions in 200 mg/kg (b.wt) extract treated group. The results confirmed the antiurolithiatic effect of P. glaucus in male Sprague Dawley rats and validate its traditional uses against urinary stone. ABSTRAK Pericampylus glaucus adalah tumbuhan yang biasa digunakan secara tradisi untuk pemulihan kencing dan batu karang. Oleh itu, penyelidikan ini bertujuan untuk mengkaji kesan antiurolitiatik ekstrak etanol P. glaucus terhadap urolitiasis teraruh etilena glikol dalam tikus jantan Sprague Dawley. Nephrolithiasis telah diaruh etilena glikol (0.75% v/v) dalam air minuman selama 30 hari. Tikus tersebut dibahagikan kepada kumpulan normal, litiatik dan kumpulan terawat ekstrak yang mendapat ekstrak etanolik P. glaucus pada kadar dos 200 dan 400 mg/kg (b.wt) melalui mulut. Kalsium, fosfat, pH air kencing, oksalat, magnesium dalam air kencing dan pemeriksaan histopatologi buah pinggang telah dicerapkan. Peningkatan signifikan (p<0.01) tahap fosfat, kalsium, oksalat dan ketidakseimbangan pada buah pinggang dengan penurunan magnesium perkumuhan dalam air kencing dicerapkan dalam urolithiasis teraruh etilena glikol berbanding kawalan normal. Rawatan dengan ekstrak etanol P. glaucus pada 200 dan 400 mg/ kg (b.wt) menurunkan dengan ketara (p<0.01) hiperoksaluria, kalsium, fosfat, oksalat dengan peningkatan ketara (p<0.05) pengekalan kencing magnesium dan peningkatan fungsi buah pinggang agar sama dengan kumpulan litiatik. Pemeriksaan histopatologi menunjukkan pemendapan sejumlah besar kristal oksalat kalsium dalam kumpulan litiatik manakala deposisi yang lebih kecil dalam ekstrak 200 mg/kg (b.wt) kumpulan terawat. Hasil mengesahkan kesan antiurolitiatik P. glaucus pada tikus jantan Sprague Dawley dan mengesahkan kegunaan secara tradisi terhadap batu karang.
INTRODUCTION
The development of stony concretions in body either in the urinary system or gall bladder are known as lithiasis. Nephrolithiasis and urolithiasis are the common types of lithiasis being claimed as of the main source of renal failure in human as reported in literature (Prasad & Bharathi 2007) . These types of lithiasis are present in 12% of worldwide population, affecting mostly male with recurrence rate are (70-80%) as compared to female (47-60%) (Awari et al. 2009; Choubey et al. 2010) . Calcium oxalate contributes 75-90% of the total kidney stones followed by magnesium ammonium phosphate 10-15%, cystine 0.5-1% and uric acid 3-10% (Ashok & Vishwanathswamy 2010) . There is no proper treatment and physicians just medicate the pain until the stones get out their own as previously reported in research paper (Chitme et al. 2010) . Lithotripsy and surgical procedures are also carried out but the risks factors associate with these therapy are not corrected until now (Betanabhatla et al. 2009 ). Furthermore, medical management of lithiasis involved surgical exclusion and extracorporeal shock lithotripsy techniques (Sathish et al. 2010) . But, the side effects are linked with these therapeutic techniques. Therefore, there is an urge to find an alternative medicine from natural product with no side effect and maximum benefits (Betanabhatla et al. 2009 ). The plant 'Pericampylus glaucus' commonly known as 'Akkar chupping', which is traditionally used in the remedy of kidney stone and other variety of diseases as reported in literature (Kifayatullah et al. 2017a ). Despite of traditional use, plant was previously investigated scientifically against cancer cell (Zhao & Cui 2009 ), followed by hepatitis B, C, AIDS (Yan et al. 2008) , and diabetes (Kifayatullah & Sengupta 2016) . But, no scientific paper was reported on this plant for urolithiasis. Hence, the objective of the present research was to determine the antiurolithiatic effect of Pericampylus glaucus against ethylene glycol induced urolithiasis in male Sprague Dawley rats.
MATERIALS AND METHODS

COLLECTION AND IDENTIFICATION OF PLANT MATERIAL
The whole plant of Pericampylus glaucus was collected from Kampung Jeram Kedah, Negeri Sembilan, Malaysia in the month of June 2014 and was authenticated by Forest Research Institute Malaysia (FRIM) with voucher specimen herbarium number (FRIM/394/490/5/18(118) , deposited to the Faculty of Pharmacy, Lincoln University College, Malaysia.
CHEMICALS AND REAGENTS
Chemicals used in this study were ethylene glycol (Sigma Aldrich Germany), chloroform (Riedel-De-Haen, Germany), formaldehyde 37% solution (Merck Germany), xylene, ethanol (Merck, Germany), paraffin, adhesive material, potassium dihydrogen phosphate extra pure (Riedel-De-Haën, Germany), sodium dihydrogen phosphate (Merck, Germany). EQUIPMENTS Equipment used were Microscope labomed (USA), centrifuge rotofix 32 A (Hettich Zentrifugen). Digital weighing balance, TE214 (Sartorius Germany) and GE4101 (Sartorius Germany) capacity 0.1-4200 g, pH meter (pH720, WTW) and Microtome HM310 Sakura (Germany).
EXPERIMENTAL DETAILS
Thirty male Sprague-Dawley rats weighing between 100 and 110 g were used in this study, which were supplied from Institute for Medical Research, Pahang. The animals were kept in plastic cages and placed in animals holding facility centre of Lincoln University College where the standard laboratory condition (26 ± 2ºC) with humidity (50 ± 4%) and the natural lighting 12 h light/12 h night were maintained. The study was conducted according to the standard guidelines for the animal's care, which was approved by the Animal Ethics Committee of Lincoln University College, Malaysia (LUC-AEC) with approval number PHARM/2013/MSM/02-AUGUST/11/ SEPTEMBER2014-AUGUST 2016. Standard pellet diet and water ad libitum were provided to animals during the whole experiment in accordance to the CPSCEA guidelines.
EXTRACTION OF PLANT MATERIAL
The leaves were dried in shade for 20 days and converted into coarse powder with the help of grinder. After converting into coarse powder, an amount of 500 g of powder was subjected to extraction by continuous hot extraction method using ethanol (95%) as a solvent soxhlet in apparatus. The resultant ethanolic extract was then concentrated under reduced pressure (40-45ºC) in a rotary evaporator. The residue left in evaporator was kept in dedicator for further pharmacological activities (Yadav & Agarwala 2011) .
PRELIMINARY PHYTOCHEMICAL SCREENING
The presence of various phytochemicals in ethanol extract of Pericampylus glaucus was examined earlier by using different types of chemical identification tests that show the presence of alkaloids, saponins, reducing sugar, phenol, tannins, flavonoid, terpeniods and sterol except anthraquione and resins (Kifayatullah et al. 2017b) , as reported previously in research paper. ACUTE TOXICITY STUDY OECD guideline 423 was followed for ethanol extract of Pericampylus glaucus on female Balb/c mice where the maximum single dose 2000 mg/kg (b.wt) by mouth was used. The administered dose was found safe and no mortality was observed in treated groups (Kifayatullah et al. 2015a ). Therefore, 1/10 th of the highest dose 200 and 400 mg/kg (b.wt) was selected for investigation of antianti-urolithiatic activity of ethanol extract of Pericampylus glaucus in male Sprague Dawley rats.
EXPERIMENTAL DESIGN FOR ANTI UROLITHIATIC ACTIVITY
The anti-urolithiatic activity of ethanol extract of Pericampylus glaucus was screened by Ethylene Glycol Induced model (Shah et al. 2012) . Two dose rate (200 and 400 mg/kg (b.wt) of ethanol extract was used against ethylene glycol induced calcium oxalate stone. Ethylene glycol 0.75% (v/v) solution in drinking water was fed to all rats groups for induction of hyperoxaluria except Group I. Animals were randomly distributed into 06 different groups comprising 05 rats in each. Group I was named as control that received only normal laboratory diets and drinking water throughout the study. Group II were kept as lithiatic group that received 0.75% (v/v) ethylene glycol solution from day 1 st -30 th . Groups III and IV were named as pretreatment groups that received 0.75% (v/v) ethylene glycol and ethanol extract of Pericampylus glaucus at dose rate of 200 and 400 mg/kg (b.wt) daily from day 1 st -30 th . While, groups V and VI were named as treatment groups that received 0.75% (v/v) ethylene glycol only from day 1 st -14 th and from 15 th -30 th day along with 0.75% (v/v) ethylene glycol received ethanol extract of Pericampylus glaucus at dose of 200 and 400 mg/kg (b.wt).
EXAMINATION OF URINE FOR THE DETERMINATION OF IONIC CONCENTRATIONS
The rats were kept individually in metabolic cages and the urine samples from each animal group was collected on day 14 th and at the end of the experiment (24 h) to find the magnesium and calcium ions in the urine samples. During collection of urine periods, each animal groups were allowed free access to drinking water. After diluting the urine sample with 10 mL of reverse osmosis water, a volume of 0.5 mL of urine sample was taken, acidified through 5M HCl. The acidified urine was subjected to centrifugation for 10 min in order to remove supernatants and debris and refrigerated at (-20°C) until determination of calcium and magnesium using commercial diagnostic kits in spectrophotometer at wavelength of 422 nm. The volume of urine sample of each treated group on day 14 th and 30 day was recorded by measuring cylinder and the pH was determined with pH meter (Kaur et al. 2009 ).
DISSECTION OF RATS
At the end of experiment, all animal groups after keeping on overnight fasting were sacrificed under ether anesthesia and both of kidneys were collected, immediately fixed in freshly prepared 10% buffered formalin pH7.4. The kidney samples were stored immediately in refrigerator (Kaur et al. 2009 ).
PREPARATION OF SLIDES FOR HISTOPATHALOGICAL EXAMINATION
Kidney tissues previously fixed in buffered formalin (pH7.4) were bisected with the help of sterilized blades for gross examination. The tissues were further treated with 10% formalin, alcohol, xylene and finally embedded with paraffin for dehydration to fix the tissues. Microtome was used for cutting and sectioning the tissues to prepare the slides. Firstly, the slides were treated with adhesive material that was the mixture of albumin, glycerin and thymol crystals, and then previously sliced kidney tissues were allowed to stick to the glass surface. The prepared slides were then arranged on the hot plate at temperature of 65 ± 1 o C for 10-15 min to remove the wax materials. Dehydration was carried out by dipping the slides in 75% ethanol for 2 min and then washed with water for 4 min.
Pizzolato's stain was used for the staining of calcium oxalate stones. An equal volume of 5% silver nitrate and 30% hydrogen peroxide solutions were mixed. Hydrated slides were flooded with mixture of solutions and exposed to 60-watt tungsten-filament electric lamp. The light was kept at a distance of 15 cm above from the sections and an exposure time of 30 min was given. 30 min after slides were thoroughly rinsed in distilled water and counter stained with 0.1% safranin in 1% acetic acid for 3 min again rinsed in distilled water, dehydrated, cleared and finally covered with cover slip and examined microscopically for calcium oxalate stones using compound microscope Labomed (USA) (Kaur et al. 2009 ).
BIOCHEMICAL ASSAY
Each kidney from treated groups was taken and dried in oven at 80 o C for a period of 24 h. Samples of 200 mg of the dried kidney were heated in 10 mL of 1N HCL and homogenized. The homogenate prepared was centrifuged at 2500×g for a period of 10 min. The supernatant was separated and examined for the presence of calcium, oxalate and phosphate (Mayee & Thosar 2011) .
STATISTICAL ANALYSIS
Values were expressed as mean ± Standard Error of Means. Values were statistically performed by one way ANOVA followed with post hoc Neumen-kelus multiple comparison tests by using Graph Pad Prism (5 version). A probability level of * p<0.05 was consider statistically significant.
RESULTS AND DISCUSSION
In present research work, male Sprague Dawley rat was used for induction of urolithiasis by administartion of 0.75% (v/v) ethylene glycol solution that leave toxic metabolites inside the body (Tzou et al. 2016 ). The metabolic acidosis occurs after ingestion of ethylene glycol due to the accumulation of acid metabolite and lactate in the body as documented previously in literature (Tzou et al. 2016 ). Administrations of ethylene glycol for a period of 14 days lead to the formation of kidney stones that mainly composed of calcium oxalate. In this study, male animal was used due to the close resemblance of their urinary system to human and deposition of the stones in female is less as reported previously in the literature (Katzung & Trevor 2004) . The oxalate level increases with ethylene glycol due to increased availability of substrate for synthesizing oxalate enzymes (Ratkalkar & Kleinman 2011) . Increase level of calcium in the urine results crystals growth by providing an environment favorable for the nucleation and precipitation of calcium phosphate and calcium oxalate (Sathish et al. 2010 ).
URINE pH
The pH of urine sample on 30 th day of treatment was determined by using pH meter. In comparison to normal control, a slightly acidic pH was observed in animal groups that received only ethylene glycol and treatment Pericampylus glaucus at dose rate of 200 and 400 mg/ kg (b.wt). However, urine pH was almost the same as compared to normal control. The pH of urine plays an important role in formation of kidney stones; dissolution of formed stones can be achieved through alteration in pH as previously reported in the research paper (Bahuguna et al. 2009 ). The acidic pH of lithiatic urine provides favorable conditions for oxalate type of kidney stone. Hence the antiurolithiatic effect of Pericampylus glaucus in pretreatment (200 and 400 mg/kg (b.wt) and treatment 200 mg/kg (b.wt) may be due to the high pH value as compared to lithiatic control.
URINE CONCENTRATION OF ELECTROLYTES
The urine samples from all treated animals were collected on day 14 and 30 th for the analysis of magnesium and calcium ions in spectrophotometer wavelength (422 nm). A slight significant (p<0.05) enhancement in the calcium levels were seen in the urine of group II (lithiatic control and Pericampylus glaucus extract treated group at dose rate of 200 and 400 mg/kg (b.wt) on day 14 sample as compared to control. Same there was slight significant (p<0.05) increase in calcium levels were also found on 30 th day of treatment in urine sample of lithiatic and treatment with Pericampylus glaucus extract at dose of 200 mg/kg (b.wt), but there was slight significant (p<0.05) reduction in level of calcium was observed in 400 mg/kg (b.wt) dose treatment group as compared to lithiatic control. A slight significant (p<0.05) increase in calcium level was observed in pretreatment group (200 mg/kg (b.wt) in urine sample that was collected on 30 th day of treatment but the level was (p<0.005) low as compared to normal and lithiatic group. There was no significant (p>0.05) variation in calcium ion was noted in pretreatment group that received ethanolic extract at dose rate of 200 and 400 mg/kg (b.wt) as matched to normal control and variation was significant (p<0.05) as compared to lithiatic group. The level of magnesium was slight significant low (p<0.05), in the lithiatic and treatment group at dose of 200 and 400 mg/kg (b.wt) in the urine samples, which was collected on 14 th day of treatment as compared to control group. The reduction in magnesium levels were observed more significant (p<0.01) in control (lithiatic group) and treatment 200 mg/kg dose groups on day 30 th day urine collected sample, while the concentration was significantly (p<0.01) increased in pre treatment and treatment at dose 400 mg/kg (b.wt) dose group as compared to lithiatic control group (Table 1) .
KIDNEY WEIGHT
There was slight significant (p<0.05) increase in kidney weight were observed in lithiatic and treatment group that received ethanolic extract at dose rate of 200 mg/kg (b.wt) as compared to control. While the weight of other treated groups (pretreatment 200 mg/kg (b.wt), 400 mg/kg (b.wt) and treatment 400 mg/kg (b.wt) were remain unchanged during study (Table 2) . The kidney samples from each treated groups were homogenized and analyzed for the formation of any stone constituents. The result was compared with group I and II (control and lithiatic). A significant (p< 0.001) increase in calcium levels were found in animals group that received only ethylene glycol and treatment 200 mg/kg (b.wt) as compared to control. The levels of the phosphate and oxalate were slight significantly (p<0.05) high in lithiatic and treatment 200 mg/kg (b.wt) dose groups. Statistically significant (p<0.05) increase and decrease in phosphate and oxalate levels were also observed in pretreatment 200 and treatment 400 mg/kg (b.wt) dose groups while matched to normal and lithiatic control ( Table 2 ). The increased levels of calcium in lithiatic and treatment 200 mg/kg (b.wt) dose may due to lowering of glomerular filtration rate that results an obstruction in urine flow along with deposition of calcium oxalate in the urinary system and renal tubules and caused development of kidney stone (Lakshmi et al. 2014) . Increased in phosphorus levels along with oxalate stress provides favorable condition for the formation of stones by forming calcium phosphate crystals that converts into calcium oxalate crystals and deposits in the renal tubules (Ratkalkar & Kleinman 2011) . Significant (p<0.01) increased in urinary phosphate levels were examined in ethylene glycol induced urolithiasis animals. Increased in urinary phosphate excretion provide a suitable environment for the formation of stone by making phosphate calcium crystals and thus induced calcium oxalate deposition (Ratkalkar & Kleinman 2011) . In treatment group receiving ethanolic extract of Pericampylus glaucus at dose rate of 200 and 400 mg/kg (b.wt) decreased the urinary phosphate excretion, returning back the level of urinary phosphate to normal and hence it may be assume to be helpful in reducing the probability of stone formation. Magnesium is one of the well-known inhibitor for the formation of stone in urethra and kidney. Low level of magnesium in lithiatic and treatment 200 mg/kg (b.wt) in ethylene glycol induced urolithic rats may provide an environment favorable for development of lithiasis. Magnesium diminished the super saturation of calcium oxalate by lessening the saturation of calcium oxalate and reduces the progression and nucleation values of calcium oxalate crystals (Touhami et al. 2007) .
Returning of magnesium level to normal in extract treated group indicates that it may contain certain phytochemicals that has ability for reducing super saturation of calcium oxalate by lowering the saturation of calcium oxalate (Touhami et al. 2007) . Decrease level of antioxidant potential and increased lipid peroxidation in rat's kidney treated with ethylene glycol results the renal cells damage by reacting with polyunsaturated fatty acid in membranes of the cells (Bahuguna et al. 2009 ). Antioxidant potential and presence flavonoids, phenolic and other secondary metabolites in Pericampylus glaucus may be responsible for its antiurolithiatic action (Kifayatullah et al. 2015b ).
Presence of organic and inorganic inhibitors inhibits the crystal growth such as magnesium being an inhibitor of calcium crystal prevents the growth and nucleation rate by forming complex with oxalate thus reduces oxalate super saturation in urine (Bahuguna et al. 2009 ). The mechinism behind suppressing high level of intracellular calcium with ethanolic extract of Pericampylus glaucus are not clear, however it may be assume due to the raised bioavailability of nitric oxide (NO), that in turns triggers cGMP (Lulat et al. 2016) . Previous studies has confirmed the ability of nitric oxide (NO) donors in controlling of intracellular increase calcium levels (Lulat et al. 2016) . Therefore, the plant extract of Pericampylus glaucus may possibly well decreases the level by the inhibiting oxalate or increasing the bioavailability of nitric oxide (NO) to appropriate calcium because of cGMP pathway (Pragasam et al. 2005 The result showed the urolithiatic protective effect of leaves of Pericampylus glaucus in ethylene glycol induced urolithiasis model. This effect of Pericampylus glaucus may be due to maintaining the balance between stone promoters and inhibitors, reducing deposition and excretion of small particles of calcium oxalate and thus reduced the chances of crystal to retain in the urinary tract (Patel et al. 2016) . A number of plant based drug and their phytochemicals have also shown a defensive result versus stone renal formation (Atmani et al. 2003) . The result point out that dispensation of ethanolic extract of Pericampylus glaucus to the rat among ethylene glycol induced lithiasis, decreased and prevents the development of urine stones and maintains balance between stone promoters and inhibitors constituents. This may support the information concerning with antiurolithiatic activity of plant Pericampylus glaucus.
CONCLUSION
This study for the first time established the antiurolithiatic effect of ethanolic Pericampylus glaucus extract against ethylene glycol induced urolithiasis and justified the traditional use of the investigated plant in the management and prevention of urinary and kidney stones. However, further studies on Pericampylus glaucus could contribute to discover a new antiurolithiatic agent. To continue this research work require the isolation of compound and evaluating the antiurolithiatic activity of the pure compound. 
